12 


CHAPTER 


Linear Measurements and Chain Surveying 





All the distances required for making a plan are the horizontal distances. Hence in the field horizontal 
distances are measured or sufficient readings are taken to calculate horizontal distances. In this chapter 
the methods used for linear measurements are explained. Method of preparing a plan using only linear 
measurements is by conducting chain surveying. This method is also explained in this chapter and 
Indian Standard Conventions for showing objects on the map are presented at the end of the chapter. 


12.1 METHODS OF LINEAR MEASUREMENTS 


Various methods used for linear measurements may be grouped as: 
(i) Approximate 
(ii) Using chain or tape 
(iii) By optical means and 


(iv) Using electromagnetic distance measurement instruments. 


12.1.1 Approximates Methods of Linear Measurements 


These methods are used in reconnaissance survey or to detect major mistakes committed while measuring 
with better methods. On smooth roads they can give results within 1 per cent error. These approximate 
measurements may be by: 


(i) pacing 
(ii) using passometer 
(iii) using pedometer 
(iv) using odometer or by 
(v) using speedometer. 


(i) Pacing: In this method surveyor walks along the line to be measured and counts the number 
of steps. Then the distance measured is equal to number of steps x average length of a step. 
Average length of a step can be found by walking along a known length. A normal man takes 
a step of length 0.75 m to 0.8 m. 
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(ii) Using Passometer: A passometer is a watch-like instrument which is carried vertically in the 
pocket of shirt or tied to a leg. It records number of steps taken. Thus the problem of counting 
number of steps is eliminated in this approximate method of linear measurement. 

(iii) Using Pedometer: This instrument is similar to passometer but it can record the distance 
instead of number of steps. In this, zero setting and setting of step length is made before 
walking. 

(iv) Odometer: This instrument is attached to the wheel of a cycle or other vehicle. It records the 
number of revolutions made by the wheel. Knowing the circumference of the wheel, the 
distance travelled may be found. 

(v) Speedometer: Odometer calibrated to give distance directly is called speedometer. This is to 
be used for particular vehicle only. All automobiles are provided with speedometers. By 
running the vehicle along the line to be measured distance can be found. 


12.1.2 Measurement with Chains or Tapes 
Measurement of distances using chain or tape is termed as chaining. This is the accurate and commonly 
employed method in surveying: These instruments can be classified as (i) chain (i) steel band and 
(iii) tapes. 

(i) Chains: The chains are composed of 100 pieces of 4 mm diameter galvanised mild steel 
wires bent into rings at the end and joined to each other by three circular or oval shaped rings. These 
rings give flexibility to the chain. The ends of chains are provided with swivel joints (Ref. Fig. 12.1(q)), 
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so that the chain can be turned without twisting. To facilitate easy reading of the chain, brass tallies are 
provided. End of 10th link from each end is provided with a talley of one tooth, 20th link is provided 
with a talley of two teeth; 30th link with a talley of three teeth; 40th link with a talley of 4 teeth and the 
middle of chain is provided with a talley of circular shape [Ref. Fig. 12.1(5)]. 


It is to be noted that 
(i) length of a link is the distance between centres of two consecutive middle rings. 
(ii) the length of the chain is from outside of one handle to the outside of the other handle. 


Commonly used metric chains are of 20 m length. They have 100 links with talleys at every 2 m. 
Each link is of 0.2 m length. Simple rings are provided at every one metre length except wherever tallies 
are provided. The total length of chain is marked on the brass handle. 


However 30 m chains are also in use. Length of each link is 0.3 m. It is not so convenient as 20 m 
chain to read, since no rings can be provided at one metre distance and each link needs multiplication 
with 0.3 to arrive at metre units. However as a result the influence of using 100 ft chain in olden days, 
this type of chain are also in market. 


Steel Band: It is also known as band chain. It consists of steel of 12 to 16 mm width and 0.3 to 
0.6 mm thickness. The steel ribbon is wound around an open steel cross or in a metal reel (Ref. Plate 12.1). 
Metric steel bands are available in lengths of 20 m and 30 m. Any one of the following two methods of 
markings are used: 


(i) Providing brass studs at every 0.2 m and numbering at every metre. Last links from either 
end are subdivided in cm and mm. 


(ii) Etching graduations as meters, decimeters and centimeters on one side of the band and 0.2 m 
links on the other side. 





Plate 12.1 


Tapes: Depending upon the materials used, they are classified as: 
(i) cloth or linen tape 

(ii) metallic tape 

(iii) steel tape and 


(iv) invar tape. 
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(i) Cloth or Linen Tape: 12 to 15 mm wide cloth or linen is varnished and graduations are 
marked. They are provided with brass handle at the ends. They are available in length of 10 m, 20 m, 
25 m and 30 m. These tapes are light and flexible. However because of the following disadvantages 
they are not popular: 

(i) Due to moisture they shrink. 
(ii) Due to stretching they extend. 
(iii) They are not strong. 
(iv) They are likely to twist. 

(ii) Metallic Tape: They are made up of varnished strip of waterproof linen interwooven with 
small wires of brass, copper or bronze. End 100 mm length of tapes are provided with leather or suitable 
strong plastic materials. Tapes of length 10 m, 20 m, 30 m and 50 m are available in a case of leather or 
corrosion resistant metal fitted with a winding device. Red and black coloured markings are used for 
indicating full metres and its fractions in centimetres. A typical metallic tape is shown in Fig. 12.2. 
These tapes are light, flexible and not easily broken. These tapes are commonly used in surveying. 
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Fig. 12.2. Metallic tape 


(iii) Steel Tape: A steel tape consists of 6 to 10 mm wide strip with metal ring at free end and 
wound in a leather or corrosion resistant metal case. It is provided with a suitable winding device. Tapes 
are marked indicating 5 mm, centimetres, decimetres and metres. The end 10 cm length is marked with 
millimetres also. 10 m, 20 m, 30 m, or 50 m tapes are used in surveying. Figure 12.3 shows a typical 
steel tape (Ref. Plate 12.1 also). Steel tapes are superior to metallic tapes as far as accuracy is concerned. 
However they are delicate. Care should be taken to wipe clean before winding. They should be oiled 
regularly to prevent corrosion. 


Fig. 12.3. Steel tape 








(iv) Invar Tape: Invar is an alloy of nickel (36%) and steel. It’s coefficient of thermal expansion 
is low. Hence errors due to variation in temperature do not affect measurements much. The width of 
tape is 6 mm. It is available in length 30 m, 50 m and 100 m. It is accurate but expensive. 


12.1.3 Measurements by Optical Means 


In this system, the telescope of the angle measuring instrument called theodolite (to be explained in 
Ch. 16) is provided with two additional cross hairs at a and b which are at distance ‘i’ [Ref. Fig. 12.4]. 
To measure distance ‘D’ between two point P and Q instrument is set at P and a graduated staff is held 
vertically at Q and vertical intercept AB is recorded. Then distance D can be computed as explained 
below: 
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k and c are constants for a given instrument and hence can be found once for all. Thus distance between 
P and Q can be found by measuring vertical intercept “s’. Thus distance is measured by optical means 
easily. This is called Tacheometric measurement. But this measurement is not that accurate as obtained 
by measuring with chain or tape. For details of this method of survey, reader has to refer specialised 
books on ‘surveying and levelling’. 


12.1.4 Linear Measurement with Electromagnetic Distance Measurement Instruments 


Nowadays for measuring distances electronic equipments called electromagnetic distance measurement 
(EDM) instruments have come in the market. They rely on the measurement of electromagnetic waves 
and measuring even fraction of wavelength by phase difference technique. They even display the distance 
measured. They are costly and delicate. Hence for ordinary surveying they are not used commonly. The 
details of such measurements are considered beyond the scope of this course. 
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12.2 INSTRUMENTS USED IN CHAINING 


The following instruments are required for measurements with chain and tape: 

(i) Arrows 

(ii) Pegs 

(iii) Ranging rods and ranging poles 

(iv) Offset rods 
(v) Laths 

(vi) Whites 

(vii) Plumb bobs and 


(viii) Line ranger. 


12.2.1 Arrows 

When the length of the line to be measured is more than a chain length, there is need to mark the end of 
the chain length. Arrows are used for this purpose. A typical arrow is shown in Fig. 12.5. Arrows are 
made up of 4 mm diametered steel wire with one end sharpened and other end bent into a loop. Length 


of an arrow is approximately 400 mm. 
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Fig. 12.5. Arrows 


12.2.2 Pegs 

Wooden pegs are used in measuring a length of a line to mark the end points of the line. The pegs are 
made of hard wood of 25 mm x 25 mm section, 150 mm long with one end tapered as shown in 
Fig. 12.6. When driven in ground to mark station points they project about 40 mm. 
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12.2.3 Ranging Rods and Ranging Poles 


For ranging intermediate points along the line to be measured, ranging rods and ranging poles are used. 
Ranging rods are 2 to 3 m long and are made of hard wood. They are provided with iron shoe at one end 
as shown in Fig. 12.7. 

They are usually circular in section with 30 mm diameter and are painted with 200 mm colour 
bands of red and white or with black and white. If distance is more than 200 m, for clear visibility they 
may be provided with multicoloured flags at their top. The ranging rods are occasionally used to measure 
short distances since they are painted with alternate colour of band 200 mm. 


Ranging poles are similar to ranging rods except that they are longer. Their length varies from 
4 m to 8 m and diameter from 60 mm to 100 mm. They are made of hard wood or steel. They are fixed 
in the ground by making 0.5 m holes and then packed to keep them vertical. 
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Fig. 12.7 Ranging rod Fig. 12.8. Offset rod 


12.2.4 Offset Rods 


These rods are also similar to ranging rods and they are 3 m long. They are made up of hard wood and 
are provided with iron shoe at one end. A hook or a notch is provided at other end. At height of eye, two 
narrow slits at right angles to each other are also provided for using it for setting right angles. A typical 
offset rod is shown in Fig. 12.8. 
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12.2.5 Laths 


Laths are 0.5 to 1.0 m long sticks of soft wood. They are sharpened at one end and are painted with 
white or light colours. They are used as intermediate points while ranging or while crossing depressions. 


12.2.6 Whites 


Whites are the pieces of sharpened thick sticks cut from the nearest place in 
the field. One end of the stick is sharpened and the other end is split. White 
papers are inserted in the split to improve the visibility. Whites are also 
used for the same purpose as laths. 


12.2.7 Plumb Bob 


A typical plumb bob is shown in Fig. 12.9. In measuring horizontal distances 
along sloping ground plumb bobs are used to transfer the position to ground. 


They are also used to check the verticality of ranging poles. Figs 12:9. Plumb bob 


12.2.8 Line Ranger 


It is an optical instrument used for locating a point on a line and hence useful for ranging. It consists of 
two isosceless prisms placed one over the other and fixed in an instrument with handle. The diagonals 
of the prisms are silvered so as to reflect the rays. 


To locate point C on line AB (ref. Fig. 12.10) the surveyor holds the instrument in hand and 
stands near the approximate position of C. If he is not exactly on line AB, the ranging rods at A and B 
appear separated as shown in Fig. 12.10 (6). The surveyor moves to and fro at right angles to the line 
AB till the images of ranging rods at A and B appear in a single line as shown in Fig. 12.10 (c). It 
happens only when the optical square is exactly on line AB. Thus the desired point C is located on the 
line AB. 


Its advantage is it needs only one person to range. The instrument should be occasionally tested 
by marking three points in a line and standing on middle point observing the coincidence of the ranging 
rods. If the images of the two ranging rods do not appear in the same line, one of the prism is adjusted 
by operating the screw provided for it. 
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Fig. 12.10. Line ranger 


12.3 CHAIN SURVEYING 





Chain survey is suitable in the following cases: 


(i) Area to be surveyed is comparatively small 
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(ii) Ground is fairly level 
(iii) Area is open and 
(iv) Details to be filled up are simple and less. 


In chain surveying only linear measurements are made i.e. no angular measurements are made. 
Since triangle is the only figure that can be plotted with measurement of sides only, in chain surveying 
the area to be surveyed should be covered with a network of triangles. Figure 12.11 shows a typical 
scheme of covering an area with a network of triangles. No angle of the network triangles should be less 
than 30° to precisely get plotted position of a station with respect to already plotted positions of other 
station. As far as possible angles should be close to 60°. However, the arrangements of triangles to be 
adopted depends on the shape, topography, natural and artificial obstacles in the field. 
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Fig. 12.11. Network of triangles 











12.3.1 Technical Terms 


Various technical terms used in connection with the network of the triangles in surveying are explained 
below: 


Station: Station is a point of importance at the beginning or at the end of a survey line. 

Main station: These are the stations at the beginning or at the end of lines forming main skeleton. 
They are denoted as A, B, C etc. 

Subsidiary or tie stations: These are the stations selected on main lines to run auxiliary/secondary 
lines for the purpose of locating interior details. These stations are denoted as a, b, c, ...., etc., or as 1, 2, 
33. oa Cte, 


Base line: It is the most important line and is the longest. Usually it is the line plotted first and 
then frame work of triangles are built on it. 


Detail lines: If the important objects are far away from the main lines, the offsets are too long, 
resulting into inaccuracies and taking more time for the measurements. In such cases the secondary 
lines are run by selecting secondary stations on main lines. Such lines are called detail lines. 
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Check lines: These are the lines connecting main station and a substation on opposite side or the 
lines connecting to substations on the sides of main lines. The purpose of measuring such lines is to 


check the accuracy with which main stations are located. 


12.3.2 Selection of Stations 
The following points should be considered in selecting station points: 


(i) It should be visible from at least two or more stations. 
(ii) As far as possible main lines should run on level ground. 
(iii) All triangles should be well conditioned (No angle less than 30°). 
(iv) Main network should have as few lines as possible. 
(v) Each main triangle should have at least one check line. 
(vi) Obstacles to ranging and chaining should be avoided. 
(vii) Sides of the larger triangles should pass as close to boundary lines as possible. 


(viii) Tresspassing and frequent crossing of the roads should be avoided. 


12.3.3 Offsets 


Lateral measurements to chain lines for locating ground features are known as offsets. For this purpose 
perpendicular or oblique offsets may be taken (Ref. Fig. 12.12). If the object to be located (say road) is 
curved more number of offsets should be taken. For measuring offsets tapes are commonly used. 
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Fig. 12.12. Offsets 


For setting perpendicular offsets any one of the following methods are used: 


(i) Swinging 
(ii) Using cross staffs 


(iii) Using optical or prism square. 
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Perpendicular Offset by Swinging 
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Fig. 12.13 


Chain is stretched along the survey line. An assistant holds the end of tape on the object. Surveyor 
swings the tape on chain line and selects the point on chain where offset distance is the least (Fig. 12.13) 
and notes chain reading as well as offset reading in a field book on a neat sketch of the object. 


Perpendicular Offsets Using Cross Staffs 





Fig. 12.14. Cross staff 


Figure 12.14 shows three different types of cross staffs used for setting perpendicular offsets. All 
cross staffs are having two perpendicular lines of sights. The cross staffs are mounted on stand. First 
line of sight is set along the chain line and without disturbing setting right angle line of sight is checked 
to locate the object. With open cross staff (Fig. 12.14 (a)) it is possible to set perpendicular only, while 
with french cross staff (Fig. 12.14 (b)), even 45° angle can be set. Adjustable cross staff can be used to 
set any angle also, since there are graduations and upper drum can be rotated over lower drum. 


Perpendicular Offsets Using Optical Square and Prism Square 


These instruments are based on the optical principle that if two mirrors are at angle ‘0’ to each other, 
they reflect a ray at angle ‘20’. Figure 12.15 shows a typical optical square. 


160 Basic Civit ENGINEERING 








Fig. 12.15. Optical square 


Optical square consists of a metal box about 50 mm in diameter and 125 mm deep. In the rim of 
the box there are three openings: 

(i) a pin hole at E 

(ii) a small rectangular slot at G and 

(iii) a large rectangular slot at F. 

A and B are the two mirrors placed at 45° to each other. Hence the image of an object at F which 
falls on A gets reflected and emerge at E which is at right angles to the line FA. The mirror A which is 
opposite to the opening at Fis fully silvered. It is fitted to a frame which is attached to the bottom plate. 
If necessary this mirror can be adjusted by inserting a key on the top of the cover. The mirror B which 
is in the line with EG is silvered in the top half and plain in the bottom half. It is firmly attached to the 
bottom plate of the box. 

The ranging rod at Q is directly sighted by eye at E in the bottom half of the B which is a plain 
glass. At the same time in the top half of B, the reflected ray of the object at P is sighted. When the 
image of P is in the same vertical line as the object at Q, then the lines PA is at right angles to the line EB. 

This instrument can be used for finding foot of the perpendicular or to set a right angle. 

In prism square, instead of two mirrors at 45° to each other a prism which has two faces at 45° to 
each other is used [Fig. 12.16.]. Its advantage is it will not go out of adjustment even after long usage. 
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Fig. 12.16. Prism square 
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12.3.4 Field Book 


All observations and measurements taken during chain surveying are to be recorded in a standard field 
book. It is a oblong book of size 200 mm x 120 mm, which can be carried in the pocket. 


There are two forms of the book (7) single line and (ii) double line. The pages of a single book 
are having a red line along the length of the paper in the middle of the width. It indicates the chain line. 
All chainages are written across it. The space on either side of the line is used for sketching the object 
and for noting offset distances. In double line book there are two blue lines with a space of 15 to 20 mm 
is the middle of each book. The space between the two lines is utilised for noting the chainages. 
Figure 12.17 shows typical pages of a field books. 
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Fig. 12.17 
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12.3. 


5 Field Work 


As soon as the survey party arrives in the field the following details are entered in the field book: 


(i) Title of the survey work 
(ii) The date of survey 
(iii) The names of the members of the party. 
The field work may be divided into the following: 
(i) Reconnaissance survey. 
(ii) Marking stations, drawing reference sketches. 
(iii) Line by line surveying. 


Reconnaissance survey consists in going round the field and identifying suitable stations for the 


network of triangles. Neat sketch of network is drawn and designated. The typical key plan drawn is 
similar to one shown in Fig. 12.11. 


All main stations should be marked on the ground. Some of the methods used for marking are: 
(a) Fixing ranging poles 

(b) Driving pegs 

(c) Marking a cross if ground is hard 

(d) Digging and fixing a stone. 


Then reference sketches are drawn in the field book so as to identify stations when the development 


works are taken up. For this measurements with respect to three permanent points are noted. The 
permanent points may be 


lines. 


(a) Corner of a building 

(b) Posts of gates 

(c) Corners of compound walls 
(d) Electric poles 

(e) A tree. 


After that, line by line surveying is conducted to locate various objects with respect to chain 


12.3.6 Office Work 


It consists in preparing the plan of the area to a suitable scale making use of measurements and sketches 
noted in the field book. 


| 12.4 RANGING 


When a survey line is longer than a chain length, it is necessary to align intermediate points on chain 


line so that the measurements are along the line. The process of locating intermediate points on survey 


line is known as ranging. There are two methods of ranging viz., direct ranging and reciprocal ranging. 
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12.4.1 Direct Ranging 

If the first and last points are intervisible this method is possible. Figure 12.18 shows the intervisible 
stations A and B in which an intermediate point C is to be located. Point C is selected at a distance 
slightly less than a chain length. At points A and B ranging rods are fixed. The assistant holds another 
ranging rod near C. Surveyor positions himself approximately 2 m behind station A and looking along 
line AB directs the assistant to move at right angles to the line AB till he aligns the ranging rod along 
AB. Then surveyor instructs the assistant to mark that point and stretch the chain along AC. 


(a) Plan view 


(b) Sectional view 


Fig. 12.18. Direct ranging 


12.4.2 Indirect or Reciprocal Levelling 


Due to intervening ground, if the ranging rod at B is not visible from station A, reciprocal ranging may 
be resorted. Figure 12.19 shows this scheme of ranging. It needs two assistants one at point M and 
another at point N, where from those points both station A and station B are visible. It needs one 
surveyor at A and another at B. To start with M and N are approximately selected, say M, and N,. Then 
surveyor near end A ranges person near M to position M, such that AM,N, are in a line. Then surveyor 
at B directs person at N, to move to N, such that BN,M, are in a line. The process is repeated till AMNB 
are in a line. 
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Fig. 12.19. Reciprocal ranging 


ii2.5 OBSTACLES IN CHAINING 


Though it is desirable to select stations so as to avoid obstacles, occasionally the obstacles are unavoidable. 
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Various obstacles to chaining may be grouped into: 
(i) Obstacles to ranging (chaining free-vision obstructed) 
(ii) Obstacles to chaining (chaining obstructed-vision free) 


(iii) Obstacles to both ranging and chaining. 
Various methods of overcoming these obstacles are explained is this article. 


12.5.1 Obstacles to Ranging 
These obstacles can be further classified into the following categories: 

(a) Both ends of the line are visible from some intermediate points. Intervening ground is an 
example of such obstacle. By resorting to reciprocal ranging this difficulty can be overcome. 

(b) Both ends of the line may not be visible from intermediate points on the line, but may be 
visible from a point slightly away from the line. Intervening trees and bushes are the examples of such 
obstacles. This obstacle to chaining may be overcome by measuring along a random line as shown in 
Fig. 12.20. In this case required length 


EB = ./EC” + CB? 








A 
Fig. 12.20. Obstacle to ranging 
12.5.2 Obstacles to Chaining 


In this type the ends of lines are visible but chaining is obstructed. Examples of such obstructions are 
ponds, lakes, marshy land etc. Various geometric properties may be used to find obstructed length CB 


as shown in Fig. 12.21. 
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Fig. 12.21. Obstacles to chaining 
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(a) Set CD and BE perpendiculars to AB, such that CD = BE. Then 
CB = DE [Fig. 12.22 (a)] 
(b) Set perpendicular CD to AB. Measure CD and DB. Then 


CB = ./BD? —- CD? [Fig. 12.22 (b)] 


(c) Set CD and DB such that DB | CD. Measure them. Then 


CB = ,/CD? + BD? [Fig. 12.22 (c)] 


(d) Select a convenient point F. Set FE = CF and FD = BF. Then 





CB = DE [Fig. 12.22 (d)] 
(e) Select a convenient point F. Locate D and E such that CF = n DF and BF =n EF. Measure 
DE. Then, 
CF BF CB 
DF EF. DE 
CB =n DE [Fig. 12.22 (e)] 
(f) Select points D and E on line passing through C [Fig. 12.22 (b)]. Measure CD, CE, DB 
and EB. 


Then, from ABDE, 





cos § = ..(a) 


and from ABDC, 


2 2 2 
cos 8 = ep nD = (dD) 
2CD-BD 





From eqn. (a), cos 8 can be found and substituting it in eqn. (b), the obstructed length CB can be 
found. 


12.5.3 Obstacles to Both Chaining and Ranging 


Building is a typical example of this obstacle. Referring to Fig. 12.22, line AB is to be continued beyond 
the obstacle, say as GH. Four possible methods are presented below: 


(a) Set perpendiculars AC, BD such that AC = BD [Fig. 12.22 (a)]. Extend line CD to F. Drop 
perpendiculars EG and FH to line CF such that EG = FH = AC. GH is the continuation of line AB and 
DE= BG 


(b) Referring to Fig. 12.22 (b), set BC L to AB. Select D on extended line of AC. Set perpendicular 
DH such that AD = DH. Select point E on DH such that DE = DC. Then arcs of length EG = BC and arc 
of length HG = AB are drawn from E and H respectively and G is located. GH is continuation of AB and 
BG = CE. 

(c) Referring to Fig. 12.22 (c), C is located such that AC = BC = AB. Extend AC to D and 
construct equilateral triangle DEF. Extend DF to H such that DH = DA. Locate convenient point I on 
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HD and construct equilateral triangle to locate G. Then GH is the continuation of line AB and length BG 
is given by 


BG = AH - AB - GH= AD - AB - GH 
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Fig. 12.22. Obstacles to both ranging and chaining 


(d) In the method shown in Fig. 12.22 (d), points C and D are selected such that CBD is in a line. 
Extend AC to E and I such that AE =n x AC and AI =m x AC. Similarly Extend AD to F and J such that, 
AF =n x AD and AJ = m x AD. Locate G and H on lines EF and IJ such that, EG =n x BC and 
IH = m x BC. Then GH is the continuation of line AB. Now, 


AG =n x AB 
BG =n x AB—AB=(n-— 1) AB 
m@ Example 12.1: In chaining past a pond, stations C and B were taken on the opposite sides of the 


pond. A line DCE was set by selecting CD = 220 m and CE = 280 m. The lines DB and ED which are on 
the opposite sides of the pond are measured. If DB = 500 m and EB = 600 m, find obstructed length CD. 


Solution: Referring to Fig. 12.21 (f), 











CD = 220 m CE = 280 m 
DB =500 m EB = 600 m 
DE = DC + CE = 220 + 280 = 500 m 
From ABDE, 
DE? +BD?-—EB* 500° +500” — 6007 
cos 8 = = = 0.28 
2 DE: BD 2 x 500 x 500 
From ABDC, 
CD? + BD? - BC? 
cos 8 = 
2CD-BD 
2 2 2 
0.28 = 220° + 500° — BC 





2 x 220 x 500 
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61600 = 2202 + 5002 — BC? 
BC = 486.62 m_ Ans. 


fj 12.6 ERRORS IN CHAINING 


Errors in chaining may be classified as: 
(i) Personal errors 
(ii) Compensating errors, and 


(iii) Cumulating errors. 


12.6.1 Personal Errors 


Wrong reading, wrong recording, reading from wrong end of chain etc., are personal errors. These 
errors are serious errors and cannot be detected easily. Care should be taken to avoid such errors. 


12.6.2 Compensating Errors 


These errors may be sometimes positive and sometimes negative. Hence they are likely to get compensated 
when large number of readings are taken. The magnitude of such errors can be estimated by theory of 
probability. The following are the examples of such errors: 


(i) Incorrect marking of the end of a chain. 
(ii) Fractional part of chain may not be correct though total length is corrected. 
(iii) Graduations in tape may not be exactly same throughout. 


(iv) In the method of stepping while measuring sloping ground, plumbing may be crude. 


12.6.3 Cumulative Errors 


The errors, that occur always in the same direction are called cumulative errors. In each reading the 
error may be small, but when large number of measurements are made they may be considerable, since 
the error is always on one side. Examples of such errors are: 


(i) Bad ranging 
(ii) Bad straightening 
(iii) Erroneous length of chain 
(iv) Temperature variation 
(v) Variation in applied pull 
(vi) Non-horizontality 
(vii) Sag in the chain, if suspended for measuring horizontal distance on a sloping ground. 


Errors (7), (ii), (vi) and (vii) are always +ve since they make measured length more than actual. 
Errors (iii), (iv) and (v) may be +ve or —ve. 
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12.7 TAPE CORRECTIONS 


The following five corrections may be found for the measured lengths of tape: 
(i) Corrections for absolute length 
(ii) Corrections for pull 
(iii) Corrections for temperature 
(iv) Corrections for slope and 


(v) Corrections for sag. 


12.7.1 Corrections for Absolute Length 
Let, / = designated length of tape, /, = actual length of tape. 
Then correction for chain length 
c=l,-l 


Hence, if the total length measured is L, the total correction 


C,= 7 L vill) 
Corrected length =L+C_ 
If A is the measured area with incorrect tape, the correct area 
cy 2c 
= (1 + =) A= (1 + =) A, since C is small. 312.3) 


12.7.2 Corrections for Pull 


If pull applied while standardising the length of tape and pull applied in the field are different, this 
correction is required. 


Let, P, = Standard pull 
P = Pull applied in the field 
A = Cross-sectional area of the tape 
L = Measured length of line. 
E = Young’s modulus of the material of tape, then 


(P-P,)L 
= aa (12.4) 


The above expression takes care of sign of the correction also. 


Cc 


12.7.3 Correction for Temperature 


Let T, = Temperature at which tape is standardised 


T,,, = Mean temperature during measurement 


LINEAR MEASUREMENTS AND CHAIN SuRVEYING 169 


a = Coefficient of thermal expansion of the material of the tape and 
L = Measured length, 
Then the temperature correction C, is given by, 
C,=La (T,,— To) ..(12.5) 
The above expression takes care of sign of the correction also. 
12.7.4 Correction for Slope 


If the length measured is ‘L’ and the difference in the levels of first and the last point is *h’, then slope 


correction 
Cy = Le {LU —h? 


=L[1—-./1-(h/2)7] 





h? 
Lae .(12.6 
aL (12.6) 
If measured length is L and slope is ‘0’, then 
C,,=L—Lcos 0=L (1 —cos 8) ...(12.7) 


This correction is always —ve. 


12.7.5 Correction for Sag 


While measuring on unevenly sloping ground, tapes are suspended at shorter length and horizontal 
distances are measured. This technique eliminates errors due to measurement along slopes, but necessitates 
correction for sag [Fig. 12.23]. Hence, measured length is more than actual length. Thus the correction 
is —ve. The correction, which is difference between the length of catenary and true length is given by 


2 
C,= mite L (12.8) 


where, W = the weight of the tape of span length 
P = the pull applied 
and L = measured length 


It may be noted that if pull is more than standard pull, the correction for pull is +ve, while 
correction for sag is always —ve. The pull for which these two corrections neutralise each other is called 
‘normal tension’. Hence normal tension P,, may be found as, 


co-G 
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Catenary 
> ey ae Pic 


j¢—_———True length | 








Fig. 12.23 





(P,-Po))L 1/W he 
AE 24|P, 

(P Pipes WeAe 
n 0 n 94 


_ 0.204 W JAE 
nn P, = Py 


The value of P,, is to be determined by trial and error method. 


or ...(12.9) 


m@ Example 12.2: A distance of 1500 m was measured with a 20 m chain. After the measurement chain 
was found to be 80 mm longer. If the length of chain was perfectly correct while starting measurement, 
what is the true length of the line measured? 


Solution: Average correction per chain length 





c= a = 40 mm = 0.04 m 
Chain length = 20 m 
Correction for measured length 
.04 
621, S100 = 
a 1 20 


=3.0m 
True length = 1500+ 3.0=1503m_ Ans. 


m@ Example 12.3: A survey was conducted with a 20m chain and plan of the field was drawn to a scale 
of 1 cm = 5 m. The area of the plan was found to be 62.8 cm?. However when the chain was tested at the 
end of work, it was wound to be 20.10 m. Assuming the length was exactly 20.0 m in the beginning of 
survey work, determine the true area of the field. 


Solution: Initial length of the chain = 20 m 
Length at the end of work = 20.1 m 


. 20+20.1 
Average length of chain = = 20.05 m 


Average correction per chain length = 20.05 — 20.00 = 0.05 m 


Measured area on plan = 62.8 cm? 
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Scale 1 cm =5m 
Measured area on field = 62.8 x 52 


= 1570 m2 


py 20.05)” 
Corrected area on the ground = A 7 1570 20.00) = 1577.860 m2 Ans. 


m@ Example 12.4: A 20 m tape was used for measuring a line at an average temperature of 65° F: The 
measured distances on the ground and slope of the ground are as given below: 


2° 1s’ for 125m 
a. 30 for 250m 
tis 42’ for a distance of 170 m 


If the temperature at which tape was standardised is 80° F, find the true length of the line. Take 
C= 62 x 10°97 


Solution: Measured horizontal distance = XL cos 0 

= 125 cos 2° 18’ + 250 cos 3° 30’ + 170 cos 1° 42’ 
= 544.367 m 

Temperature correction 

C, = La (T,, — Tp) 

= 544.367 x 6.2 x 10° (65 — 80) 
=-— 0.051 m 

Correct horizontal length 
= 544.367 — 0.051 = 544.316 m Ans. 


m Example 12.5: To measure a base line, a steel tape 30 m long, standardised at 15° C with a pull of 
S50 N was used. Find the correction per tape length, if the temperature at the time of measurement is 
25° C and the pull exerted is 150 N. 


Take Young’s modulus E = 2 x 10° N/mm’ and coefficient of thermal expansion a = 11.2 x 


10°/°C. Cross-sectional area of tape is 8 mm’. 


Solution: f=30m, @=112*«10°°C, T,y=15°C, Pj =s80N 
T,, = 25°C, P=I150N 
Correction for temperature 
C,=la(T,,-Tp) 
= 30% 11.2 x 10° @5 =15) 
= 3,360 x 10? m 
Correction for pull 
_@=PyI 


Cc 
P AE 
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_ (150 — 80) x 30 
2x10°x8 
= 1.3125x10°m 


[Note: Unit of AE comes out to be Newton only, if A is in cm? or mm? and E in N/cm? or 
N/mm/?]. 


Total correction for temperature and pull 
=C,+C,, = 3.360 x 10° + 1.3125 x 10° 
= 4.6725 x 10° m per chain length 


mg Example 12.6: Calculate sag correction for a 30 m steel tape under a pull of 80 N, if it is suspended 


in three equal spans. Unit weight of steel is 78.6 kN/m’. Area of cross-section of tape is 8 mm?. 


Solution: Length of each span = 10 m 
W = wt. of taper per span length 
= 78.6 x 10 x (8 x 10) 
= 6288 x 10° KN = 6.288 N 
[Note: 1 mm? = (0.001)? m? = 1 x 10° m?] 
P=80N L=10m 


Correction for each span 


2 
3 (2288) oa 
24 \ 80 


= 2.574 x 103m 
Correction for three spans 

2382574 %16° m 

= 7.722x 107m _ Ans. 
m@ Example 12.7: A 30 m steel tape was standardised under 60 N pull at 65° F: It was suspended in 
5 equal span during measurement. The mean temperature during measurement was 90° F and the 
pull exerted was 100 N. The area of the cross-section of the tape was 8 mm’. Find the true length of 
the tape, if, 

a = 6.3 x 10°F, E = 2 x 10° N/mm? and unit weight of steel = 78.6 kN/m’. 
Solution: Correction for temperature: 
C,=la(T,, — Ty) 
= 30x 6.3 x 10° (90 — 65) 
= 4.725 x 107m 


Correction for pull: 


_(P=Py)l (100-60) x 30 


= 0.75 x 10° m 
B AE 8x2x10° 


Cc 
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Correction for sag: 

30 
a= 
Weight of tape per span, W = 78.6 x 6 x 8 x 10-6 

= 3772.8 % 10° EN 
= 3.7728 N 


Correction for sag per span 


1 (Sy 
| ee | 5G 
24\ 100 


= 0.3559 x 10° m 
Corrections for 5 spans 
C25 40.2559 % 107 
= 1.779 x 10-3 m (— ve) 
Noting that correction C, and C, are +ve, while correction C, is —ve, we get 
Total correction =4:°725 % 10° + 0.75 x 107 =1779 % 104 
= 3.696 x 107 m 
= 3.696 mm 


Each span length 6m 


True length of tape 
= 30 + 3.696 x 107 
= 30.003696 m_ Ans. 


] 12.8 CONVENTIONAL SYMBOLS 


IS 962—1989, ‘code of practice for architectural and building drawings’ has specified standard symbols 
for various objects as shown in Table 12.1 on next page. 


If coloured plans are to be made, the code recommends light washes of the following shades: 
For roads — Burnt sienna 

For buildings — Light grey 

For compound walls — Indigo 

For water — Borders edged with Prussian blue 


For trees — Green. 


174 Basic Civit ENGINEERING 


Table 12.1 





Chain line 


Triangulation station 


Traverse station 


Building 


Shed with open side 


Shed with closed side 


Temple, mosque 
and church 


Path 


Unfenced road 


Fenced road 


Railway line: Single 


Railway line: Double 


Road bridge 


Level crossing 


Road over railway 








Road under railway 


Boundaries without pillars .---------------- - 


Boundaries with pillars ren - 


Township or taluka 


boundaries 


River 


Pond 


Electric line 


Tree 


Orchard 


Woods 


Grass 


Cutting 


Embankment 


North line 





SPUN 
gtglst 
Pay x 
PRE R 


YY Y 


Ct toer a 
TICgrrry? 
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| QUESTIONS 


ae NaS 


10. 


11. 
12. 


13. 


14. 


Briefly explain the various approximate methods of measurement of distances. 

Briefly explain features of metric chain. 

Distinguish between metallic tape and steel tape. 

Write short notes on 

(i) Steel band (ii) Invar tape 

(iii) Ranging rods (iv) Line ranger. 

Explain the terms 

(i) Check line and tie line (ii) Reference sketch. 

List the various points to be considered in selecting stations for surveying. 

Explain the use and working of 

(i) Open cross staff (ii) Prism square. 

Explain the method of reciprocal levelling. When do you need it? 

Explain any two methods of overcoming chaining problem in the following cases: 

(i) the obstruction is in the form of a pond. 

(ii) the obstruction is in the form of a building. 

There is an obstacle in the form of a pond on the main chain line AB. Two points C and D were 
taken on the opposite sides of the pond. On the left of CD, a line CE was laid out 65 m in length 
and a second line CF of 85 long was laid on the right of CD such that ECF are in a line. Determine 
the obstructed length CD. Given ED = 110 m and DF = 120 m. [ Ans. CD = 87.015 m] 
Distinguish between comulative error and compensating errors. Give examples for each case. 
A 30 m tape used for measuring a line was found to be 30.01m at the beginning and 30.026 m at 
the end of the work. The area of plan drawn to a scale 1:1000 was found to be 5625 mm/?. 
Compute the correct area of the field. [Ans. 5631.752 m?] 
A steel tape 30 m long, standardised at 18°C at a pull of 100 N was used. Find the correction per 
tape length, if the temperature at the time of measurement is 24°C and the pull exerted is 140 N. 
Cross-sectional area of the tape is 8 mm”. Take E = 2 x 10° N/mm? and o = 11.2 x 10° °C. Tape 
was stretched over 4 equal spans. If measured length is 200 m, what is the actual length? Take 
unit weight of steel = 78.6 kN/m3, [Ans. L = 199.979 m] 
With neat sketches indicate conventional symbol used for the following objects in surveying: 

(i) Building (ii) Double line railway track 
(iii) Cultivated land (iv) Temple, mosque and church 


(v) River. 


